Common cold sufferers frequently report sleep disruption during the symptomatic period of infections. We examined the effects of treatment with a topical aromatic pharmaceutical ointment (Vicks VapoRub®), on associated sleep disturbances. The effects of Vicks VapoRub® versus placebo (petrolatum ointment) on subjective and objective measured sleep parameters were assessed in an exploratory study of 100 common cold patients, in a randomized, single blind, controlled, two-arm, parallel design study. The primary efficacy variable was subjective sleep quality measured with the SQSQ ( 
Introduction
The common cold, an infection of the upper respiratory tract, is reported to be the most common human infectious disease [1] [2] . Adults can experience two to four episodes a year and children six to eight [2] .
Common cold is generally a mild illness of the upper respiratory tract, primarily affecting the nose, nasopharynx and paranasal sinuses and is readily self-diagnosed by sufferers [3] . Rhinoviruses are the most common causative agents accounting for up to 50% of symptomatic infections [1] . The main symptoms of common cold include nasal congestion, nasal discharge, sneezing, headache, sore throat, and cough [4] . Of these, nasal congestion and cough have been reported as the most bothersome symptoms of a cold on 6 of the first 7 days of a cold [5] .
Additionally, it is well recognised that during symptomatic common cold, sleep can be adversely affected [6] . While this effect may be considered modest (c. 23 minutes decrease in sleep and a 5% reduction in sleep efficiency) from a scientific perspective [7] , it is generally accepted that common cold-induced sleep disruption is clinically meaningful. Smith (2012) [6] showed correlations between symptom scores and sleep parameters. In general sleep measures and total symptom score were correlated, indicating that increasing symptom severity was associated with sleep disturbance. The data suggested that nasal congestion severity was a significant driver of the correlation. Therefore, remedies that can alleviate rhinitis induced disturbances of sleep without the use of sedation, to ensure a well-rested feeling upon awakening, have an important place in therapy.
In the UK and many other countries, Vicks VapoRub® (VVR) is indicated for the reduction in cough frequency [8] and feeling of relief from nasal congestion [9] . As cough and nasal congestion (regardless of aetiology) are recognised barriers to restful and restorative sleep [10] , [11] , [12] , their relief using a topical ointment like VVR can be predicted to improve elements of sleep quality.
VVR is a pharmaceutical preparation containing a combination of levomenthol (2.75% w/w), eucalyptus oil (1.5% w/w), turpentine oil (5% w/w) and camphor (5% w/w) as active ingredients, and thymol, cedarwood oil, and white soft paraffin (petrolatum) as excipients. VVR is an ointment that is either applied topically to the chest, throat, and back or added to hot water and the aromatic vapours inhaled. When applied to the skin, the active ingredients are evaporated by body temperature and inspired into the airways. The therapeutic effects, reduction in cough frequency and relief from nasal congestion, are likely due, at least in part, to interactions of the aromatics with the largely calcium-selective ion channel, transient receptor potential (TRP) receptors. Recent data suggest that the transient receptor potential receptors TRPM8, TRPV1 and TRPA1 are up-regulated in respiratory virus infected cells [13] [14] . TRPM8 mediates the feeling of coolness associated with menthol and eucalyptus oil [15] , [16] and so is likely the main mediator of the sensation of cooling and nasal decongestion associated with menthol and eucalyptus oil [9] . Camphor, eucalyptus oil and menthol have been shown to interact with the TRPV1 and TRPA1 receptors [17] [18] [19] which are implicated in the neurophysiology of cough [13] [14] . These interactions may therefore have a role in controlling cough sensitivity.
This study compared the effects of VVR versus placebo on subjectively and objectively assessed sleep parameters in adult common cold sufferers. Sleep parameters were measured using subjective questionnaires (Subjective Quality of Sleep Questionnaire [SQSQ] [20] , a modified Karolinska Sleep Diary [KSD] [21] , and a study-specific post-sleep questionnaire) and actigraphy, an objective method of monitoring rest-activity patterns [22] . Several subjective questionnaires were employed because this was the first exploration of the effect of VVR on sleep parameters so little knowledge existed of likely effect size or which elements of sleep may be affected. Actigraphy was employed as it is a validated objective albeit surrogate measure of sleep.
Methods

Participants
One hundred and forty-one adult participants were screened for this study and 100 were enrolled and randomized to the 2 treatment groups (Figure 1 ). The mean (SD) age of those enrolled was 23 years (8.7) with a mean Body Mass Index (BMI) of 23 (2.9). The population was 61% female and most participants (71%) were Caucasian. One participant withdrew consent during the study and their data were not included. Subjects were recruited by advertisement from the staff and students of the University of Surrey and the greater London area. Those participating received £120 compensation.
Randomized participants were suffering from a common cold and experiencing nasal congestion, cough and disturbance to normal sleep. Key inclusion criteria included suffering from a self-diagnosed common cold of no more than 36 hours duration; suffering from at least mild cough and nasal congestion due to the common cold (scores of at least 1 on the 4-point ordinal scale); having an average score of < 50 on the 2 responses to the question "How would you compare the quality of last night's sleep with your usual sleep without a cold?" from the Leeds Sleep Evaluation Questionnaire (LSEQ) [23] , a 100-mm Visual Analog Scale (VAS), where Response 1 is 0 = "Less restful than usual" and 100 = "More restful than usual" and Response 2 is 0 = "More periods of wakefulness than usual" and 100 = "Fewer periods of wakefulness than usual".
Volunteers were excluded if they had any of the following: A previously diagnosed sleep disorder, a current sleep disturbance or poor sleep quality unrelated to their cold based on the Pittsburgh Sleep Quality Index (PSQI) [24] (i.e., a score of >5); a clinically significant nasal abnormality; a history of clinically relevant anosmia; were employed on night or rotating shift work or needed to travel across more than 2 time zones in the 14 days prior to screening or planned to do so during the study; a history of allergy or hypersensitivity to any of the ingredients of VVR; a history of significant airway disease or pronounced hypersensitivity of the airways/asthma or Chronic Obstructive Pulmonary Disease, a significant history of recurrent sinusitis or currently experiencing allergic rhinitis, or significant history of chronic cough; a body temperature > 100.5°F (38.1˚C); had used, within 5 half-lives, substances or medications known to affect sleep; had used nasal decongestants in the past 24 hours; had a self-reported consumption of >5 caffeinated beverages daily; used nicotine in any form; took naps daily; used inhaled, topical, or oral nedocromil or cromolyn sodium, tricyclic antidepressant medications, or monoamine oxidase inhibitors for 14 days prior to screening; had a history of alcohol or drug abuse within the past 2 years; were currently enrolled in another clinical trial, or had received any other investigational drug within the past 30 days; if female and of child-bearing potential had a positive urine pregnancy test at screening or were lactating; had a history of malignancy within the past 2 years, or had current or past history of serious, severe, or unstable physical or psychiatric illness; or were taking medication that the Investigator believed would interfere with the evaluation of the study, pose a safety risk, or confound the interpretation of the study results.
Study Design
The study (EudraCT# 2013-004524-11) was a randomized, single- The test period began on the evening of Day 1 when subjects applied their randomly assigned test product as directed, immediately before going to bed.
Subjects continued using the Actiwatch overnight. Upon waking the next morning, subjects completed the SQSQ, KSD, and post-sleep questionnaire.
These procedures were repeated on the evening of Day 2 and the following morning. Subjects then returned to the study site on Day 3 to complete exit procedures and to return their sleep monitoring equipment, completed questionnaires, and test product containers with any remaining study test product. At this point, the subjects exited from the study. 
Test Products
Sleep Measures
The effect size of VVR on sleep was not expected to be large in absolute terms.
Further, we were most interested in the subjective perceptions of sleep quality therefore change in the, "How was the quality of your sleep last night?" question of the SQSQ, a validated questionnaire which has been shown to be sensitive to effects of zolpidem, temazepam [25] , gaboxadol and traffic noise [20] and slow wave sleep disruption by acoustic stimuli [26] , was chosen as the primary endpoint. The KSD questionnaire [21] , [27] was modified for this study by removing the first 5 questions due to duplication of sleep measures with the SQSQ.
Actigraphy is considered a valid method to quantify sleep patterns in healthy controls, patients with sleep disorders and their treatment response [28] . This method was included in the study because if positive correlation with the subjective measures were observed, it would provide additional confidence in the effect and its magnitude. The Actiwatch 4® is a gyroscopic actigraphic device worn on 
Statistical Methods
Randomization and Stratification of Participants: All potential study participants were given a subject number (starting at 1001 in the order in which they were screened for the study). then randomly assigned to test products (VVR or placebo) using a block randomization. A unique randomization number (e.g., 101, 102, 103, etc) was as-signed to each eligible participant.
Safety Analyses: All safety summarization was done on Intent-to-Treat population (all randomized subjects).
Efficacy Analyses: All efficacy analyses were done on Per-Protocol population.
The Per-Protocol population comprised those participants who were generally compliant with test product usage instructions (used ≥ half of the allocated dose) and met key inclusion and exclusion criteria. The Per-Protocol assessment was determined on blinded data prior to receiving treatment codes. In order to obtain a more consistent response, the two treatment days (Day 1 and Day 2) for each endpoint were averaged for analysis purposes and served as the response variable for the analyses.
Comparability of treatments at baseline for demographics, baseline characteristics, SQSQ, post-sleep questionnaire, Actiwatch, and KSD was assessed via 2-sample t-test, Fisher's exact test, and Cochran-Mantel-Haenszel test, as appropriate per the data type. Analysis of covariance (ANCOVA) was used for analyzing primary and secondary endpoints using the Mixed procedure of SAS version 9.4 (SAS Institute, Cary, NC, USA).The primary endpoint was sleep quality as measured by the SQSQ. Each hypothesis was tested separately using an ANCOVA model that included relevant baseline measures as a covariate and treatment group as independent variable (fixed factor). The following hypotheses were tested separately for each endpoint:
Null Hypothesis: the change from baseline mean <insert endpoint> is the same for VVR versus placebo. Alternative Hypothesis: the change from baseline mean <insert endpoint> is different for VVR versus placebo.
Two of the secondary KSD measures ("Did you take any drugs before retiring?" and "Did you wake up ahead of time without being able to return to sleep?") required nonparametric assessments as described in the protocol due to assumptions of ANCOVA not being met. All hypotheses were tested at a two-sided significance level of 5%. No corrections for multiplicity were conducted in this exploratory investigation.
Sample Size
The sample size was determined by logistical considerations and previous experience with sleep studies.
Results
Demographics: Table 1 shows the demographic composition of the participants.
Participant screening and baseline characteristics: common cold symptom severity, PSQI, LSEQ (abbreviated, only displayed two Leeds questions that were part of inclusion criteria), SQSQ, KSD and Post-sleep questionnaire, did not differ between groups (Tables 1-3) .
Product Dosing Compliance: Product dosing compliance was assessed by weighing the sample jars before and after treatment. On average participants used 23% less product than instructed on both treatment nights. There were no 3 A 100-mm Visual Analog Scale (VAS), where response is 0 = "Less restful than usual" and 100 = "More restful than usual". 4 A 100-mm Visual Analog Scale (VAS), where response is 0 = "More periods of wakefulness than usual" and 100 = "Fewer periods of wakefulness than usual". between-group differences-both groups used between 5.7 and 5.8 grams versus the supplied single-dose amount of 7.5 grams. The Per-Protocol analyses excluded seven participants for the nights they used less than half the allocated dose (3 VVR and 4 placebo participants). Table 4 shows the data from statistical testing of between group differences in the various subjective scales used.
Subjective Quality of Sleep Questionnaire Endpoints: Statistical testing of the between group differences showed that the primary endpoint of Sleep Quality in the SQSQ showed a statistically significant difference in change from baseline in favour of VVR treatment compared to placebo (Table 4, Figure 2 ; p = 0.0392).
This was also found for the "Wake up refreshed" SQSQ endpoint ( Figure 2) . Examination of the monadic changes from baseline were consistent with the between group findings: 89% of participants who used VVR reported an improved quality of sleep vs baseline, and 91% who used VVR reported an improved "wake up refreshed" score vs baseline. In examining the consistency of response of the primary endpoint (sleep quality as measured by SQSQ), subgroup analyses by demographics and baseline characteristics were assessed. The results for all subgroups analysed favoured VVR compared to placebo, indicating consistency of response. Statistical significance of VVR vs. placebo for sleep quality was observed in the subgroup of subjects with moderate-to severe cough at baseline (p = 0.0294), runny nose not present/mild at baseline (p = 0.0492) and PSQI ≥ 3 (p = 0.0486) (Data not shown). (Table 4) . Actigraphy Endpoints: There were no statistically significant changes from baseline treatment differences in the Actiwatch endpoints. There was, however, a trend in favour of VVR compared to placebo for change from baseline in Sleep Onset Latency (Table 5 , Figure 4 ; treatment difference 11.5 minutes and p = 0.0538).
Safety
Both treatments were well-tolerated during this study. There were no deaths, serious or other significant Adverse Events (AEs). Eight participants reported 10 AEs; 5 on placebo and 3 on VVR and all resolved without any action being taken to ameliorate the AE.
Discussion
The results from this exploratory study show for the first time that application of Vicks VapoRub® before retiring to bed has a positive effect on perceived sleep quality for adults suffering from symptoms of common cold. The primary endpoint subjective finding supports the long-held association described by common cold patients of VVR use and improved sleep. It cannot be determined from these data alone whether this is a result of symptom relief facilitating sleep (as has been suggested for cough relief [29] ) or a direct effect on sleep. However, the active ingredients in VVR are not known to have a sedative effect. This suggests that a patient-perceived sleep quality benefit in patients with a cold would be due to a different mechanism, likely symptom relief. Indeed, the subgroup of patients with moderate-to-severe cough at baseline reported improvement for sleep quality vs placebo (p = 0.0294). Figure 4 . Plot of mean differences and 95% Confidence Intervals for each of the Actiwatch endpoints comparing answers provided on awakening with those at baseline.
It was hypothesised that VVR would affect sleep as a result of its known decongestion and antitussive effects rather than as a sleep aid. Consequently, while for completeness both subjective and objective assessments of sleep were employed, it was predicted that subjective endpoints were most likely to be affected.
Change in the SQSQ sleep quality was chosen as the primary objective as it offered a global retrospective assessment of the perceived sleep experience. The KSD was also included as a source of secondary endpoints to permit a more granular description of the subjective elements of sleep affected. As nasal decongestion and cough relief are the licensed indications of VVR in the UK, they
were not measured in this study wherein the focus was sleep-related effects.
The difference in perceived sleep quality assessed by the SQSQ was statistically significant (p = 0.0392). To place this change in perspective it is noted that the observed response to VVR compared to placebo for the SQSQ was 7.9 units, which is comparable to the positive effects of gaboxadol on subjective sleep quality in a traffic noise model of sleep disruption [20] and approximately half the size of the effect of zolpidem and temazapam on sleep in middle-aged people [25] . Supporting this is the finding that responses to the "How refreshed did you feel upon waking?" SQSQ endpoint were also significant (p = 0.0122). On aver-age subjects had 58% better sleep quality vs. placebo and 75% better wake up refreshed vs. placebo. The effect sizes for questions [30] would be considered a moderate effect (0.44 and 0.54 respectively). Taken together these findings suggest that VVR had a clinically relevant effect on the perception of sleep quality.
We speculate that as subjective sleep assessments are necessarily retrospective, the fact that the VVR aroma would still be noticeable in the morning may have augmented the perception of improved sleep quality.
The SQSQ also includes a series of more specific time and duration related questions. Changes in these parameters did not reach statistical significance, The objective effects on sleep were assessed using arm motion during rest as a surrogate measure for wakefulness. The Actiwatch instrument has been validated for the assessment of a variety of sleep parameters [28] [31]. We believe this study is the first use of actigraphy in the investigation of the mild sleep disturbance associated with common cold. The Actiwatch and subjective data were broadly consistent. In this study of sleep disturbance associated with common cold, no significant between-group differences were detected in the objective data-only "Sleep Onset Latency" approached statistical significance (p = 0.0538).
Several limitations of this study merit discussion. An obvious limitation is that it was not double-blind. As the Informed Consent information made clear that participants would be treated either with an aromatic or non-aromatic product, those allocated VVR would have been aware that they had received active product as soon as they sensed the aroma. The difficulty in designing double-blind studies with VVR is a recognized design limitation [32] . It is difficult to blind a study wherein the aroma of the product is so widely recognized and represents the pharmacological effect. Investigators were blinded as no medication was opened at the study site thus preserving the single blind.
Finally, while these data indicate a positive effect of VVR on sleep quality they cannot distinguish between VVR treatment improving sleep quality solely as a result of reducing the symptoms, exerting a direct sleep effect or a combination of both. Further work is recommended wherein the direct sleep quality benefit in persons with sleep disturbance and no infectious disease is examined.
Conclusion
Common cold sufferers using Vicks VapoRub® (applied before retiring to bed) experienced significant differences in self-reported sleep quality compared to control. This supports that treatment with this product can be a valuable component in the armamentarium of safe and effective common cold therapies due to the patient perceived improvement in sleep quality, a widespread patient belief measured in this study.
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